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NOTICE & DISCLAIMER I
The Institute of Paper Chemistry (IPC) has provided a high standard of professional service and has exerted its best efforts
within the time and funds available for this project. The information and conclusions are advisory and are intended only for
the internal use by any company who may receive this report. Each company must decide for itself the best approach to solv- I
ing any problems it may have and how, or whether, this reported information should be considered in its approach.
IPC does not recommend particular products, procedures, materials, or services. These are included only in the interest of
completeness within a laboratory context and budgetary constraint. Actual products, procedures, materials, and services used I
may differ and are peculiar to the operations of each company.
In no event shall IPC or its employees and agents have any obligation or liability for damages, including, but not limited to,
consequential damages, arising out of or in connection with any company's use of, or inability to use, the reported informa- I
tion. IPC provides no warranty or guaranty of results.
This information represents a review of on-going research for use by the Project Advisory Committees. The information is not
intended to be a definitive progress report on any of the projects and should not be cited or referenced in any paper or cor-
respondence external to your company.
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- LS2%02 + C + 2Na -- Na 2 CO 3 (fume)
t Na,C02 flux
Liquid Phase
Na2CO 3 + %Na2 S -- Na 2SO 4 + CO 2 + 2Na
Gas-Melt
Interface




Typical Fume Generation Rates during Sulfide Oxidation
Initial Melt Composition
Na2CO3 = .77 mole
Na2S = .06 mole














































Fume Generation with Carbon Monoxide
CO + Na2 CO3 ----> 2 C02 + 2 Na(g)
Initial Melt Composition
Na2CO3 = 0.77 mole
Na2S = 0.03 mole
Na2SO4 = 0.0 to 0.02 mole
N2 Purge = 1.0 L/min




















































Fume Generation in the Presence of Carbon
2 C + Na2C03 ---->
Initial Melt Composition
Na2CO3 = 0.77 mole
Na2S = 0.03 mole
3 CO + 2 Na(v)
Purge
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Potassium Behavior during Fume Generation under Oxidizing Conditions
Temperature = 954°C
02 Flow Rate = 0.021 L/min
N2 Flow Rate = 1.0 L/min
Initial Melt Composition
Na2C03, K2C03, Na2S, K/Na












































Chloride Enrichment from Carbonate Melts
Melt Composition
Na2C03 = 0.575 to 0.62 mole
Na2S = 0.143 to 0.16 mole
NaCl = 0.10 to 0.20 mole
Purge Rate
N2 = 1.0 L/min
02 = 0.0 to 0.1 L/min












































PNaCl (T) = P*NaCl(T) XNaC1
Here, PNaCl(T) is the equilibrium partial pressure of NaCl at
temperature T; p*NaC1 is the vapor pressure of pure NaCl at
temperature T; and XNaCl is the mole fraction of NaC1 in the
melt.
Calculated and Measured Vaporization Rates of Sodium




































Effect of Chloride on Potassium Enrichment during Sulfide Oxidation
Melt Composition
Na2CO3 = 0.565 mole
Na2S = 0.14 mole
NaCl = 0.1 to 0.16 mole





















N2 = 1.0 L/min
































































1) Oxidation enhanced vaporization is a major
source of fume in the kraft furnace.
2) Sodium Hydroxide is not highly volatile.
3) Lower than equilibrium predicted K and C1
enrichment factors result from dilution
from oxidation enhanced vaporization.
4) Sodium chloride vaporization can be
described assuming Raoult's Law holds.
Kristin Ann Goerg, Ph.D.
A STUDY OF FUME PARTICLE DEPOSITION
Objectives:
1) Determine Mechanism for Sodium Carbonate
Particle Deposition on Cooled Tube
a) Gas Temperature
b) Probe Temperature
c) Gas Flow Rate
d) Particle Concentration




























5 Christopher L. Verrill, Ph.D. - Starting September 1987





1) Examine fume generation during different stages
of burning
1 2) Determine the mechanism of fume generation






























































































































































I (aeTA GF'TS) JaAOD HdSH JO U6TSaG
D-NOF2 V11.1V QIr'DX
3.i-Tl7oW '38(UL )4Q1J.)t38-
J10w a313MA9 03NIH-)tVt ,,Z/1
'31QH ~3N3i4q) C'3608I 91/ 
XQ, x,'bS1L QC h~













































































1) Gregg Aiken, Ph.D. - Char Bed Combustion
a) Model CO/CO2 Ratio
2) John Fuller, M.S. - Effect of Nonprocess
Elements on Lime Nodulization
3) Gregg Maule, M.S. - Study of the Reaction
of Sulfur Dioxide with Sodium Carbonate
Fume Particles
4) Joseph Kubale, M.S.- Investigation of
Laser Techniques for the Determination of
Fume Particle Concentrations and Size
Distribution
Hydrogen Reactions with Na2CO3/Na2SO4 Melts
1) H2 + Na2CO3 - 2NaOH + CO (liquid phase)
2) H20 + Na2CO3 = 2NaOH + CO2 (liquid phase)
3) CO + 1/4Na 2SO4 = 1/4Na2S + CO2 (liquid phase)
4) H2 + 1/4Na2S04- 1/4Na2S + H20 (liquid phase)
5) H20 + CO - H2 + CO2 (gas phase)
OBJECTIVE: Determine the Significance of These
Reactions in Kraft Furnace
a) Rate Limiting Step
b) Relative Rates
c) NaOH Formation
d) Contribution to Sulfate Reduction















































































































































































































































































FALL REPORT TO PAC






INTRODUCTION AND INTERESTING DEVELOPMENTS
DRYING
VOLATILES AND CHAR BURNING
COLLABORATION WITH M. HUPA AND PROJECT PLANS
OBJECTIVE
CHARACTERIZE THE BURNING PHENOMENA OF A VARIETY OF























° WEYERHAEUSER PAPER COMPANY
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SELECTIVE ANALYSES TO CHECK ON TALL OIL
o FOUR LIQUORS FROM A HIGH SWELLING MILL
o TWO ADDITIONAL MILL LIQUORS - ONE LOW AND ONE
MEDIUM
o TALL OIL SIGNIFICANTLY
.INCREASED TIME FROM IGNITION TO MAXIMUM
VOLUME
(> 95% SIGNIFICANT)
.DECREASED PYROLYSIS SWOLLEN VOLUME
(> 90% SIGNIFICANT)
o TALL OIL CONTENT MEASUREMENTS ARE REQUIRED EVEN




































































































































































-- OBSERVE AND EXPLAIN PHENOMENA
-- OBTAIN RATE DATA
-- APPLY AND EXPAND RESULTS
SURFACE SWELLING EFFECT - 45 % SOLIDS












0 20 40 60 80 100 120
Drying Time (seconds)
- data (smoothed) - .. ^.
-37-
Heterogeneous Nucleation of Water Vapor
in an Air Dried Black Liquor Droplet
TC WUri»
_ V'po = hollow core
T surface -same
Step 1 Vapor forms at multiple nucleation sites
T surfocet
Step 2 Vapor pocket grows and droplet inflates
\ / /,'"' -- '
T surfaceS
Step 3 Hollow core and vapor pocket coalesce;
inflated drop bursts and shrinks
-38-
BLACK LIQUOR DROP DRYING - 56% SOLIDS




1. ACCURATE CONTINUOUS DATA WERE OBTAINED.
2. IN AIR, DRYING RATE IS NOT ENHANCED BY
SWELLING.
3. IN STEAM, DRYING RATE IS GREATLY ENHANCED
BY SWELLING.
4. HETEROGENEOUS VAPOR NUCLEATION OCCURS IN
BLACK LIQUOR DRIED IN AIR ABOVE THE
BOILING POINT.
5. EXTERNAL HEAT TRANSFER SHOULD DETERMINE
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- VOLATILES EVOLUTION RATE IS DEPENDENT ON
TEMPERATURE AND PARTICLE SIZE.
- TIME TO MAXIMUM VOLUME IS DEPENDENT ON
TEMPERATURE AND PARTICLE SIZE.
- TIME FOR CHAR BURN IS DEPENDENT ON OXYGEN
CONCENTRATION AND INITIAL PARTICLE SIZE,
ESPECIALLY BELOW 5% OXYGEN.
- TIME FOR CHAR BURN IS DEPENDENT ON TEMPER-
ATURE AT 2% OXYGEN.
- MAXIMUM SWOLLEN VOLUME IS STRONGLY DEPENDENT























COLLABORATIVE WORK WITH DR.MIKKO HUPA
MEETING AT IPC JANUARY 21, 1987
EXCHANGE OF 8 LIQUORS EACH
REVIEWED HUPA'S FILMS
DEVELOP WORK PLAN
VIDEO TAPE OF SINGLE PARTICLE FUMING IN
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UPFLOW IN-FLIGHT TESTING COMPLETE.
REDUCED SULFUR GAS RELEASE FROM SINGLE PARTICLES
MEASURED.
INITIAL DRYING MODEL DEVELOPED FOR IN-FLIGHT REACTOR.
EQUIPMENT RECEIVED FOR DOWNFLOW AND BED BURNING STUDIES.
PRELIMINARY DRAFT OF PROGRESS REPORT 2 SUBMITTED TO DOE.





DYNAMIC NONINTRUSIVE TEMPERATURE MEASUREMENTS OF
SINGLE BURNING BLACK LIQUOR DROPLETS.
TEMPERATURE PROFILE MEASUREMENTS IN THE FULL-HEIGHT
DPFR COMPLETED.
DYNAMIC PARTICLE SIZE/VELOCITY MEASUREMENTS IN
THE FULL-HEIGHT DPFR CONFIGURATION HAS BEGUN.
STATUS
IPC PREPARING FOR DOWNFLOW TESTS.
NBS CONDUCTING LONGER TIME EARLY IN-FLIGHT TESTS.
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~I TOTAL HYDROCARBON CARBON AND REDUCED
SULFUR RELEASE
|I~ ~Radiant SPR. N 2 atmosphere
B.L. No. 41,15mg (2.7mm), 67.4% solids
60-
54- LEGEND
c =-o TOTAL CARBON in hydrocarbons +
+* = TOTAL SULFUR in TRS
I| 48-+ z
I m ~o 42- /^i~~~~~~~~~~~~~+
I in 36 +/
00I o 30 /
6- o o
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BURNING SINGLE-PARTICLE TEMPERATURE MEASUREMENTS
NBS TWO-COLOR PYROMETER
IPC CONVECTIVE SPR AIR 0 1292°F
KRAFT BLACK LIQUOR @ 66% SOLIDS (2.3 MM)
TEMPERATURES °F*
FLAMING COMBUSTION 2050 - 2210
END OF FLAME 1830 - 1920
CHAR BURNING 1920 - 2370
*BASED ON INITIAL BACKGROUND INTENSITIES
NEAR TERM DIRECTION
COMPLETE DOE PROGRESS REPORT 2.
CONDUCT DOWNFLOW PROCESS TESTS.
INSTALL AND BEGIN TESTING THE BED BURNING FURNACE.
COMPLETE DYNAMIC IN-FLIGHT TESTS.





Quench L Incinerator Inflight Section



















































































































































































































VOLATILES PRODUCTION 60% 90%
SULFUR RELEASE 40% 85%
SWELLING 60% 70%
VOLATILES COMBUSTION 80% 95%
CHAR BURNING
CARBON BURNUP 75% 95%
CO/C02 RATIO 50% 90%
FUME PRODUCTION RATES 35% 70%
SULFATE REDUCTION 90% 95%
SMELT COALESCENCE/OXIDATION
SOLID-LIQUID TRANSFORMATION 35% 80%
REOXIDATION RATES 90% 95%
ROMAN CANDLE EFFECT 30% 80%
FUME PRODUCTION RATES 70% 90%
SEQUENCING OF STEPS 50% 90%
BURNING ON THE MACROSCALE
IN-FLIGHT PROCESSES
DATA FROM DOE REACTOR (SO FAR ONLY FOR LARGE DROPS)
MODELLING OF BEHAVIOR IN THE FURNACE (JUST STARTED)
FURNACE AIR/GAS FLOW PATTERNS (USING B&W COLD FLOW DATA)
SPRAY NOZZLE CHARACTERIZATION (FARRINGTON - JUST STARTING)
BED BURNING
DATA ON BED BURNING RATES (JUST STARTING)
MODELING OF BED BURNING RATES (JUST STARTING)
CARRYOVER/FUME PRODUCTION
MODELLING TO PREDICT CARRYOVER (JUST STARTING)
MODELLING OF FUME PRODUCTION (JUST STARTING)
EXPERIMENTAL DATA FROM DOE REACTOR (PLANNED FOR 1988)
FOULING/PLUGGING
DATA OF TRAN ET AL. (EXCELLENT START - NEEDS INTERPRETATION)
EXPERIMENTAL DATA FROM DOE REACTOR (PLANNED FOR 1988)
FUNDAMENTAL FUME DEPOSITION DATA (JUST STARTING)
-70-
SHORT TERM PLANS
(THROUGH CALENDAR YEAR 1988)
WORK ALREADY IN THE PIPELINE
DOE PROJECT RUNS TO OCTOBER 1988
MOST THESIS WORK WILL FINISH LATE 88/EARLY 89
HUPA COLLABORATION
FUNDAMENTAL SMELT CHEMISTRY
SPRAY CHARACTERIZATION (TED FARRINGTON)
INITIATE WORK AIMED AT GASIFIERS
1-DIMENSIONAL MODELLING OF BLACK LIQUOR GASIFICATION
EXPERIMENTAL IN-FLIGHT/CHAR-BURNING DATA FOR SMALL
PARTICLES
TRY TO ESTABLISH A FORMAL TIE TO ACERC
PREPARE EDUCATIONAL MATERIALS ON BLACK LIQUOR COMBUSTION
MID-TERM PLANS
(THROUGH CALENDAR YEAR 1990)
WRAP UP FUNDAMENTAL WORK ON BLACK LIQUOR COMBUSTION
FOCUS ON APPLICATION TO EXISTING RECOVERY BOILERS
METHODOLOGY FOR RETROFITTING EXISTING UNITS
IMPROVED SPRAYS
OPTIMAL AIR/LIQUOR INJECTION SYSTEMS
QUANTITATIVE ASSESSMENT OF PLUGGING BEHAVIOR
DEVELOP ADVANCED SENSORS
FOCUS ON APPLICATION TO GASIFIERS
COOPERATE WITH MOLTEN SALT GASIFICATION WORK
COOPERATE WITH CYCLONE GASIFIER DEVELOPMENTS
EXPLORE FIRING OF VERY-HIGH/DRY SOLIDS LIQUOR
EXPERIMENTAL DATA ON DOE REACTOR
USE FURNACE MODEL TO EXPLORE BURNING BEHAVIOR




RECOVERY TECHNOLOGIES FOR HIGH-YIELD PULPING PROCESSES
EXPAND INTO FUNDAMENTALS OF ASH BEHAVIOR IN GENERAL
DEVELOP DRY SOLIDS TECHNOLOGY

















Develope a fundamental understanding of
the chemical and physical reactions
that control
degradation rates and structural changes of


































Ohara, Meshitsuka. and Nakano. J. Japan. Wood Res. Soc., 1983, 29. 611




















































R, = R 2 = t-BUTYL
R, = H. R2 = OCH 3
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SODIUM HYDROXIDE DEGRADATION REACTIONS OF
1,5-ANHYDROMALTITOL
JOE LEEGE
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SODA "PULPING" OF NaBH 4 REDUCED COTTON































































CH 3O 0 

























SYNTHETIC STUDIES LEADING TO INSOLUBLE LIGNIN MODELS
OH OH
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BLEACHED PULP + ANTHRAQUINONE
ELECTRODE #1
FLAT BLUE = 301C
BLACK = 1001C
GREEN = 1400IC
RED = 1660 ICJ
BLUE = 1660C +lIhr
ELECTRODE #5
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Pyrolysis Gas Chromatography: Identification of
Polymeric Additives and Contaminants in Paper
Samples received for identification by Analytical Sciences Group
About 1000 per year
-93-
Use of PGC: To complement FTIR.
Especially for unknowns which are
* nonvolatile
* crosslinked and insoluble
* small in amount
* indistinguishable from other materials via infrared
Features desired in pyrograms:





To improve interpretability of pyrograms:
* pyrolysis and GC conditions
* sequential pyrolysis
"external pyrolysis"
identification via characteristic ions
(mass spectrometer)
Expand library of pyrograms
Test with "unknowns"
The Analysis of Polymers in Paper
by Pyrolysis Gas Chromatography
Thomas D. Crockett, M.S., IPC, 1987
-95-
State of the art prior to this investigation:
* limited work on PGC of polymers in paper matrix
* evidence that cellulose is more easily pyrolyzed than other polymers
* pyrolysis products should be identifiable by MS
* PGC shows promise as a quantitative technique
Objective
Develop a PGC method to characterize polymeric additives
directly in paper matrix.
-96-
Steps in Investigation
Develop pyrolysis conditions to minimize paper contribution to pyrograms.
Develop GC conditions to produce characteristic pyrograms.
Establish a library of pyrograms.
Identify main pyrolysis products by mass spectrometry.
Qual. and quant. analysis of paper containing known added polymers.
Test the procedure by analysis of commercially produced papers.
Pyrolysis Conditions
Prepyrolysis: 2 minutes at 400°C.















Packed glass column: 6 ft x 2 mm containing 1% SP 1000
on 60/80-mesh Carbopak B.
Column temperature: 40 to 200°C at 8°C/min
Detector (FID) 300°C. Injector 250°C.
Results and Discussion








































































































































































































































































































































































































































































BL HW Kraft 10.73
UNBL SW Kraft 11.08
HW TMP 11.30
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Program of ASB after prepyrolysis
-108-
Identification of Principal Peaks in Pyrogram
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Pyrogram of SBR alone (upper figure) and after addition to
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Pyrogram of polyethylene from library (upper figure) and in commercially
prepared freezer wrap paper (lower figure), both after prepyrolysis.
-112-
Conclusions
1. Prepyrolysis can be used to destroy the paper matrix and simplify the
identification of many polymers in paper by PGC.
2. The proper selection of pyrolysis and GC conditions can be used to develop a
library of characteristic, fingerprint pyrograms useful for identification
of polymers in paper.
3. The principal peaks in the pyrograms can be identified by mass spectrometry.
This should enhance the power of PGC to identify polymers, especially in
cases where characteristic fingerprint pyrograms are not obtained.
4. PGC can be used for semiquantitative analysis.
Future Work
Emphasize PGC/MS
Work with smaller amounts of polymer
Expand library of pyrograms with peaks identified by MS
Develop search routine to match identified peaks from
unknown with those in library
Apply procedure to more real unknowns
-113-
Analysis of Pulping and Bleaching Liquors by Ion Chromatography
Problems in Ion Chromatographic Analysis
-114-
Additional Studies on the Ion Chromatographic Analysis
of Pulping Liquors
Potential Sources of Error in Ion Chromatographic
Analysis of Pulping Liquors
Instability of Liquor Samples
Homogeneity of Liquor and Representative Nature of
Sample Taken for Analysis
Dilution Technique
Instability of Samples Diluted for Analysis
Chromatography
-115-
Actions to Improve Accuracy of- Ion Chromatographic Analyses
* Run spiked samples every day
* Inject carbonate standard after each carbonate sample
*Run sample duplicates in random order
* Run sulfoxy standards three times per day
*Quantitate via internal standard method
Future Work
Develop internal standard method
Study stability of liquor samples during storage
Document the accuracy and precision of
liquor analyses by ion chromatography
-116-





FINE STRUCTURE OF WOOD PULP FIBERS
PROJECT 3521
RAMAN MICROPROBE INVESTIGATION OF
MOLECULAR STRUCTURE AND ORGANIZATION IN




3288 STRUCTURE OF WOOD PULP FIBERS
I. CELLULOSE - WATER INTERACTIONS DURING THE DRYING PROCESS.
II. EFFECTS OF CONFORMATIONAL DISTRIBUTION OF
SHEET MECHANICAL PROPERTIES.
CELLULOSE ON
CELLULOSE - WATER INTERACTIONS
FINDINGS:
-- SIGNIFICANT QUALITATIVE DIFFERENCES ARE OBSERVED
BETWEEN THE RAMAN SPECTRA OF WET AND DRIED PULPS.
-- THE DIFFERENCES INDICATE STRESS INDUCED LATTICE
DISTORTIONS IN THE CELLULOSE WITHIN THE DRIED
SAMPLES.
-- THE OBSERVED PHENOMENON IS REVERSIBLE TO VARYING
DEGREES IN DIFFERENT CELLULOSES.
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Raman spectra of never-dried, freeze-dried, and rewet
bleached spruce kraft pulp.
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KEY CONCLUSIONS:
-- DRYING OF CELLULOSIC FIBERS RESULTS IN DEVELOPMENT
OF INTERNAL STRESSES WITHIN THE FIBER OF A MAGNITUDE
NOT HERETOFORE RECOGNIZED.
-- SUCH STRESSES COULD WELL RESULT IN INTERNAL TENSILE
FAILURE OF THE FIBRILS SUBJECTED TO THE HIGHEST
STRESS; CYCLIC REPETITION OF THE WETTING AND DRYING
PROCESS COULD RESULT IN PROGRESSIVE FAILURE OF THE
INTERNAL LOAD-BEARING COMPONENTS OF INDIVIDUAL FIBERS.
FUTURE WORK:
-- MONITOR THE EFFECT OF MULTIPLE DRYING/REWETTING
CYCLES.
-- CARRY OUT REWETTING STUDIES WITH DEUTERIUM OXIDE
TO ASSESS THE DEGREE TO WHICH AGGREGATION DURING
DRYING CAN BE IRREVERSIBLE.
EFFECTS OF CONFORMATIONAL DISTRIBUTION OF CELLULOSE
ON SHEET MECHANICAL PROPERTIES
WE HAVE CARRIED OUT PRELIMINARY EXPERIMENTS TO
INVESTIGATE THE CORRELATION BETWEEN CONFORMATIONAL
DISTRIBUTION (KI TO Ko RATIO) AND SHEET MECHANICAL
PROPERTIES. THE RESULTS INDICATE THE EXISTENCE OF
TRENDS IN THESE CORRELATIONS. THE EXPERIMENTS WERE
MORE COMPLEX THAN WE ANTICIPATED, HOWEVER, AND WE
PROPOSE TO REPEAT THEM AND PRESENT A REPORT ON THE
RESULTS AT THE FALL MEETING.
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¥V _ _ New Microprobe,
time = 17 min.
Old, macro mode,
time = 850 min.
800 1000 .1200 1400 1600 1800
CM-1
Comparison between old and new Raman systems of spectral




-- HIGH QUALITY ZEISS MICROSCOPE WITH SUPERIOR IMAGING
CAPABILITIES
-- MULTI-TASKING, ALLOWING SIMULTANEOUS DATA ACQUISITION
AND WORKUP OR OUTPUT
-- RAPID PLOTTING; IBM COMPATIBLE DATA; HIGH SPEED; LARGE
MEMORY; USER FRIENDLY
THE NEW RAMAN MACRO SYSTEM IS STILL BEING OPTIMIZED,
WITH THE NEEDS OF THE ON-LINE DETECTION CAPABILITY THE
PRIMARY TARGET.
-- THE NEW YAG/DYE LASER SYSTEM IS OPERATIONAL.
-- THE GATABLE DETECTOR HAS BEEN RETURNED TO THE
MANUFACTURER BECAUSE OF DEFECTIVE DIODES IN THE
ARRAY; WE EXPECT TO HAVE IT RETURNED WITHIN THE
NEXT FEW WEEKS.
-- WE ARE WORKING ON OPTIMIZING THE MATCH BETWEEN THE
REPETITION FREQUENCY OF THE LASER AND THE OPTIMUM
GATING FREQUENCY OF THE DETECTOR.
OPPORTUNITIES ARISING FROM THE
NEW RAMAN MICROPROBE SYSTEM
A. MAPPING OF BOTH ORIENTATIONAL AND
COMPOSITIONAL VARIATIONS IN NATIVE WOODY
TISSUE
B. MAPPING OF THE EFFECTS OF DELIGNIFICATION
REACTIONS ON LIGNIN DISTRIBUTION ACROSS THE
CELL WALLS
C. TIME RESOLVED STUDIES TO SEPARATE RAMAN
SPECTRA FROM FLUORESCENCE, AND TO STUDY THE
RISE AND DECAY OF ELECTRONIC EXCITATION
D. THE POSSIBILITY OF AN ON-LINE LIGNIN
DETECTOR
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RAMAN SPECTRA OF ASPEN KRAFT PULP
KAPPA NO. = 37.9
KAPPA NO. = 23.5
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R~AMAN DIFFERENCE SPECTRA (ASPEN KRAFT)
A-C
B- C
I I I I I I I
40 0 6 00 80 0 1000 1 200
WAVENUMBERS. cm1 l
1 40 0
I I I 
16 00 180 0
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DIRECTIONS FOR FUTURE WORK:
1. CONTINUE ASSEMBLY OF THE PULSED LASER AND
SPECTROMETER SYSTEM FOR RAPID ACQUISITION OF
THE SPECTRA.
2. INTERPRETATION OF LIGNIN SPECTRAL FEATURES OTHER













o EFFECTS AND MECHANISM OF N02
PRETREATMENT
o ALTERNATIVES TO N02
o PEROXIDE DELIGNIFICATION
o SULFITE-AQ KINETICS (STUDENT RESEARCH)
° CHLORINATION KINETICS (STUDENT RESEARCH)
- Low CONSISTENCY
- MEDIUM CONSISTENCY
EFFECTS AND MECHANISM OF
NO2 PRETREATMENT
o CONFIRMATION AND CHARACTERIZATION OF
EFFECTS
° EFFECTS IN HARDWOOD DELIGNIFICATION
o Low N02 APPLICATIONS
° COMBINATIONS OF N02 AND OTHER REAGENTS








\\~\\ IP+ 2t N 0 pretreatment
B 13 '2 4\ O 4-1/2 N04 pretreatment
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Effects of N204 pretreatment on K number after subsequent oxygen
bleaching with varied charges of NaOH in the oxygen stage.827
65
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ffects of 204 pretreat ent on K number after subsequent oxygen













+ 2 NO 4 pretreatment
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A 92 N 0 pretreatment
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Effects of N204 pretreatment on K number after subsequent oxygen
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X 4.85 mT s HNO pretreatment12 1 3
N00H5 7 9 11 13 15 17
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N204 +1 02 Loblolly Pine U
N204 + 02 Eucalyptus -I.
2 4 6 a
XN204
Effects of N20 treatment before oxygen bleaching with 4% NaCH on
viscosity of pine and eucalyptus kraft pulps.
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Effect of N204 treatment before oxygen bleaching with 4% NaOH on





































N204 + 02 Low Level Study
0I I I
0 2
Effects of N2 04 treaty




nent before oxygen bleaching with 4% NaOH on
ps. The two series of experiments were done
N204 + 02 0
N204 + 02 Low Level Study +
--+-- .. r.i1 .... T. 1 ..-..-- .------- - .
2 4 6 8
%N204
Effects of N204 treatment before oxygen bleaching with 4% NaOH on
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Effects of inserting additional treatments between N 204 and oxygen
















K N. "N~~~~~ N204 Pretreatment + 02 O
N204 + NaCH Extraction + 02 +
N204 + Hydrosulfite + 02 4
N204 NaBH4 + 02 A
N204 +Borax +02
0 2 4 6 I
%N204
Effects of inserting additional treatments between N204 and oxygen

















N204 Pretreatment + 02 
38 \ N204 + NaOH Extraction + 02 +
N204 + Hydrosulfite + 02 
37 -\ N204 + NaBH 4 + 02 A3 ~ V\'\ 'N204 + Borax + 02 I
e 35
34
1 0 2 4 6 8
%N204
I Effects of inserting additional treatments between N204 and oxygen
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o N02 + BR2
o CH3CO3H
o OTHER ELECTROPHILES




- CATALYSIS IN MODEL COMPOUND
OXIDATION
- RELATIONSHIP OF DELIGNIFICATION
TO DECOMPOSITION
- SELECTIVITY IMPROVEMENT
° FOLLOW-UP TO STUDENT RESEARCH
- CATALYST EVALUATION
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0 20 40 60 80 100 120
REACTION TIME, min.
Effects of added metal ions on the degradation of
MBB (a residual-lignin model compound) in alkaline







CONCENTRATION OF REACTED MBB. mM
Influence of metal ions on the amount of
peroxide decomposition corresponding to a given


























0.20 M H 20 2
No Na2SiO3
- U - a-
10 20 30 40 50
Time, Min.
Effect of Peroxide Stabilization on Delignification Rate.
0.073 MH 2 0 2 , Pi
V ~~~750C, 0.54 - 1.OE
0
/0~o - Untreated (52 ppmn Mn) '~
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H 2 0 2 Decomposed in 2 Hours, mM




























0 20 40 60 80 100
Mn, 2 Added, ppm, o.d. pulp basis
Effect of Manganese addition on viscosity reteni ion during peroxide
120 140






2% H2 0 2 , 2% NaOH
1 hr., 80'C, 10% Consi- tec
Pretreated Pulp, Visco- iy2.























° ANALYSIS OF EXISTING DATA FOR 1987
PULPING CONFERENCE PAPER
o PH.D. THESIS (KARYN SIME)
CHLORINATION KINETICS
(PH.D. THESIS RESEARCH)
o LOW CONSISTENCY: SEBASTIAN PUGLIESE
o MEDIUM CONSISTENCY: BARBARA BURNS
DIRECTIONS
o MECHANISM OF N02 EFFECT
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EFFECT OF METHYLATION ON BRIGHTNESS CHANGE






22.5 25.,7,5 10.0 12.5 15.0
EXPOSURE TIME (HOURS)































9NIM0113A NO NOIlI1Ai33V 40G 133J3J 
HIDN3130M1 
9 H9 00830 t O PE f 002
OWNdXHf -ZHUdX










2. 5 %5.0 7. 5 10.0 12.5 15.0
EXPOSURE TIME (HOURS)
17.5 20.0 22.5 25.0




























SNIM0113A NO NOIVIA133V JO 133AA3
(SHROH) 3W11 3Sf)SOdX3
0I9 T HZ S1l 0I9 S100 'L 0S gz















































I /Ae ~~~~~CH0-1IJU Lig




C -OH -I gAe 'A~~~~~- 40,
4 b I ~~~~~~+ CH 30H




CH, aOHO CH2O H2 0
0 0
ID]
The mechanism of the light-induced yellowing reaction of high yield pulps.
Analytical Methods Used to Qualitatively Show the





R= alkyl in phosphines (i.e.CH 3 , C 2H 5)




Analytical Methods Used to Qualitatively Show the
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(Stuart Lebo, PhD thesis)
Oxidation of Expected Oxyphosphorane Structures to
Cyclic Phosphates by Air or Water.
P(OC,
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SUMMARY OF SOLID STATE 31P NMR ANALYSIS: METHANOL EXPERIMENTS
Sample Treatment Time Observed Signals* Relative Area
1.0. D(days) (Dm) (Z)
Untreated pulp 7 13.6 85.1
!0.4 14.9
Yellowed Pulp* 7 12.7 /1.6
10.2 7.0
3.4 21.4





* versus 85% H3P04
** 20 hours in the solar simulator operating at 990 Watts
*** model pulp
**** Whatman No. I Sheets
wd6 OCLV-G
(jolpInwis jejos e ut sjnOH 0Z )PemOLI A JO wnjj~adS isN P b PS
I .re--G V W I HX 9" fi "' ZH W Z.+ T " tP. -- d
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Slid state lp tP 4mRspetrum of yellowed( 20 Hours in a Solar Simulator)
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C0 0 0 +0 20 0 -20 -10 .. '0 FINI
SUMMARY OF PHOSPHORUS MICROANALYSIS RESULTS: METHANOL EXPERIMENTS
.Sampl? Treatment Time Average %P Number of Standard
_ ID. ~~(days) o P Izo. d. p u 1) Determinations Deviation
I MviroetpPulp70,3 0,169
Yellowed Puip* 7 0.799 9
Cellulose** I 0.110 3 0,01 1
3 0.120 3 0.006
7 0.090 3 0.006

































Possible Mechanism for the Formation of Cyclic Phosphate Structures
f rom Cell1ul ose.
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SUMMARY OF SOLID STATE 31P NMR ANALYSIS: CH2012 EXPERIMENTS
Sample Trcatmpni Timp (Thserved signals* Relative Area
Untreated pulp-I1 7 12.6 66.5
4.4 33.5
Untreated pulp- 2 7 12.5 78.0
5.6 22.0
Untreated pulp-3 7 13.6 70.0
2.5 3.7
Yellowed Pulp** 7 12.6 94.9
2.1 5.
Freny's Salt pulp-~ 7 1 3.5 100
Cellulose* * * 7 1 3 very weak
Holocellulose* ** 7 13 very weak
'versus, 85% H3P04
**20 hours in the solar simulator operating at 990 Watts
model pulp
Whatman No. I Sheets
** acid chlorite prepared; Mlason lignin = 1.5Z
-165-
SUMMARY OF PHOSPHORUS MICROANALYSIS RESULTS: CH2CL2 EXPERIMENTS
Sample Treatment Time
I.D. (das)
Untreated Pulp- 1 7




Fremy's Salt Pulp** 7
Cellulose*** 7
Holocellulose**** 7
* 20 hours in the solar simulator at 990 Watts
** model pulp
*** Whatman No. I filter paper
**** acid chlorite prepared; Klason lignin = 1.5%
Average %P(g P/g pulp)








0.05 ' . 5
Assuming: M.W.(lignin) Fa 185
Methanol Experiments CH2CI2 Experiments
No. of quinonoid lignin
groups in the untreated pulp
No. of quinonoid lignin
groups in the yellowed pulp
2 4 6 8 10 12 14 16 18
LAYER #
DO 250 300 350 400 450 500 550 600 6!
WAVELENGTH (nm)
Difference Spectra Obtained by Subtracting the Refelctance Spectrum
of a White Spruce Groundwood Pulp from the Reflectance Spectra of

























200 250 30 3I0 0 4 5 I 300 350 400 450 500 550 600 650 700650 700
WAVELENGTH
Difference Spectrum Obtained by Subtracting the Reflectance Spectrum
of an Acid Chlorite White Spruce Holocellulose from the Reflectance
Spectrum of an Acid Chlorite White Spruce Holocellulose Yellowed for
2 Hours in a Solar Simulator
250 300 350 400 450 500 550 600 650 700
WAVELENGTH (nm)
Difference Spectrum Obtained by Subtracting the Reflectance Spectrum
of an Isolated Spruce Glucomannan from the Reflectance Spectrum of the



























































MINIMIZE THE CHANGES IN FIBER
STRENGTH AND GEOMETRY WHICH
ACCOMPANY FIBER SEPARATION
FIBER ATTRIBUTES
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% RETAINED ON SCREEN OF MESH SIZE
14 28 48 100 REMAINDER
4 30 27 15 24
7 37 31. 13 13
27 33 18 5 16
24 37 21 6 12
20 37 20 6 16
22 43 20 7 9
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* N.D. _ NOT DETERMINED.
PROPERTIES OF HANDSHEETS MADE FROM FIBROUS FRACTION




























3.8 N.M.* 16.3 0.17
2.4 N.M. 16.2 0.14
0.7 N.M. 9.6 0.13











* N.M. - NOT MEASURABLE.



























































































PINE SINGLE FIBER PROPERTIES








322 2 580 + 35
34 + 2 590 + 30
15 +1 250 + 20















BREAKING LOAD OF INDIVIDUAL FIBERS


























(G) OF FIBERS FROM










CROSS-SECTIONAL AREA OF INDIVIDUAL FIBERS

















CROSS-SECTIONAL AREA (/M2 ) OF FIBERS FROM
WHOLE 14 MESH 28 MESH 48 MESH
















BREAKING STRESS OF INDIVIDUAL FIBERS










BREAKING STRESS (KG/MM2) OF FIBERS FROM
WHOLE 14 MESH 28 MESH 48 MESH





















MODULUS OF INDIVIDUAL FIBERS












MODULUS (KG/MM2 ) OF FIBERS FROM
WHOLE 14 MESH 28 MESH 48 MESH


















































































































































































CROSS-SECTIONAL AREA, /M 2

















1 0.2 0.3 0.4 0.5
DENSITY, g/cm3
Effects of chemical treatments and refining on
0.6 0.7 0.8
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Q 80 O o, A, 1o - 2% 03 
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0 I I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0
DENSITY, g/cm3
Effects of pressing, press-drying, and refining on tensile


















Extreme example of wet sulfur count




I I I I I II I I 
4 I 1 16 20 24
PLuEL NUUBR
Smoothed linescan wall as single
secondary wall.
Treatment means for various parameters used
to describe the degree of sulfonation of








Time, g/L Net Sulfur Countsa
min liquor A B CC A/B CC/B S
Zu 60 Z88 188 530 1.65 Z.97 ZZ5
20 130 393 262 773 1.49 2.89 304
20 200 672 398 1177 1.70 3.01 474
40 60 270 185 537 1.59 3.18 212
40 130 433 277 799 1.68 2.84 343
40 200 913 640 1733 1.42 3.08 722
Mean t 95% conf. int.: 1.59 t 2.98 t
0.15 0.22
aA = maximum near lumen; B = minimum in S2;
















* ID 60 me.
a ID 120 ms.
0 1 2 3
1 /RBA




































o BONDING STRONG FIBERS







PRELIMINARY IPC RESEARCH BUDGETS (1987-1988) - CHEMICAL SCIENCES DIVISION ($1000)
IPC FUNDED
Chemical Pulping
3288 - Fine Structure of Wood Pulp Fibers 70
3475 - Fundamentals of Selectivity in Pulping and Bleaching 150
3474 - Improved Processes for Bleached Pulp 60
3477*- Development and Application of Analytical Techniques 13
293
Recovery
3473-1-Fundamental Processes in Alkali Recovery Furnaces 250
3456-2-Smelt-Water Explosions 20
3477* -Development and Application of Analytical Techniques 13
New -Computer Model of Recovery Furnace 40
323
High Yield Pulping
3566 - Separation of Strong, Intact Fibers 175
3524 - Fundamentals of Brightness Stability 140
3521-2-Raman Microprobe Investigation of Molecular Structure
and Organization in the Native State of Woody Tissue 45
3477*- Development and Application of Analytical Techniques 13
373
Other
3534 - Exploratory Research 60
3477*- Analytical (Paper) 21
81
TOTAL IPC FUNDED 1,070
-185-
PRELIMINARY IPC RESEARCH BUDGETS (1987-1988) - CHEMICAL SCIENCES DIVISION ($1000)
CONTRACT RESEARCH
Government Funded





Investigation of Molecular Structure




















* PRELIMINARY IPC RESEARCH BUDGETS (1987-1988) - CHEMICAL SCIENCES DIVISION ($1000)
IPC FUNDED
m Chemical Pulping
3288 - Fine Structure of Wood Pulp Fibers 70
3475 - Fundamentals of Selectivity in Pulping and Bleaching 150m 3474 - Improved Processes for Bleached Pulp 60
3477*- Development and Application of Analytical Techniques 13
293
I
PRELIMINARY IPC RESEARCH BUDGETS (1987-1988) - CHEMICAL SCIENCES DIVISION ($1000)
m|I~~~~~~~ IPC FUNDED
Recovery
3473-1-Fundamental Processes in Alkali Recovery Furnaces 250
m 3456-2-Smelt-Water Explosions 20
3477* -Development and Application of Analytical Techniques 13
m New -Computer Model of Recovery Furnace 40
323
I PRELIMINARY IPC RESEARCH BUDGETS (1987-1988) - CHEMICAL SCIENCES DIVISION ($1000)
IPC FUNDED
High Yield Pulping
3566 - Separation of Strong, Intact Fibers 175
3524 - Fundamentals of Brightness Stability 140
m| 3521-2-Raman Microprobe Investigation of Molecular Structure
and Organization in the Native State of Woody Tissue 45
3477*- Development and Application of Analytical Techniques 13
| 373
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Other
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